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ALICE 3 is a new detector system proposed to operate during LHC Runs 5 and 6. The Muon
[Dentifier (MID) detector is one of the ALICE 3 subsystems optimized to detect muons down to
momenta below 1.5 GeV/c for pseudorapidities || < 1.3 for the reconstruction of J/i vector mesons
down to zero transverse momentum at midrapidity. The ALICE 3 tracker’s large-acceptance will
offer access to rare charmonium and exotic states that decay to J/i, pions and photons. The MID
detector will be installed on the outermost part of ALICE 3 and will include an absorber with
a variable thickness (70 cm to 38 cm). Plastic scintillators, multi-wire proportional chambers,
and resistive proportional chambers technologies are considered for the construction of the MID.
This work presents the concept of the MID detector and provides an update and plans on the

development and exploration of the technologies proposed for the construction.
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1. Introduction

The ALICE collaboration is currently planning a new detector for Runs 5 and 6 of the LHC,
which are planned to start in the year 2035. ALICE 3will feature a set of silicon detectors, including
a vertex detector, tracker, time-of-flight, and forward conversion detectors; as well as RICH, and
the Muon IDentification (MID) scintillator detector; and will use a superconductive magnet [1].
The MID detector is designed to optimize the muon identification down to a transverse momentum
pr =1.5 GeV/c in a pseudorapidity coverage || < 1.3, allowing for the reconstruction of J/iy
vector mesons down to zero transverse momentum at midrapidity. MID includes a magnetic iron
absorber outside the magnet, with a decreasing thickness from 70 cm to 38 cm with respect to the
increasing |77| to have uniform absorption length of ~4 interaction lengths, providing a 10~2 hadron
rejection factor and a low fluence rate of around ~4 Hz/cm? of charged particles. The expected
scattering within the absorber is about 5 cm for pt = 1.5 GeV/c. This requires a granularity of
ApAn = 0.02 x 0.02 (equivalent to an area of 5 x 5 cm?).

2. MID chambers

The MID detector is a barrel of about 3 meters radius with a length of 10 meters formed
by 160 chambers that cover an area of 100 x 100 cm? each, as shown in Fig. 1. The baseline
design option for the MID chambers consists of two orthogonal layers, each made up of 20 plastic
scintillator bars (a total of 40 bars of 100 x 5 x 1 cm?) with WLS fibers; SiPM readout for each bar.
In addition, Multiwire Proportional Chambers (MWPC) and Resistive Plate Chambers (RPC) are
being explored and considered construction options.

Absorber

Figure 1: MID detector layout, including the barrel (a), absorber, a scheme of a scintillator chamber (b),
and scintillator bars (c). Note that the schemes are not to scale and is modified for illustrative purposes.
Drawings courtesy of Jesus E. Mufioz M.

3. Beam test at CERN PS

The proposed technologies were tested at CERN in July 2023 at the T10 beam area with a
hadron beam from 0.5 to 6 GeV/c momenta and are reported in Ref. [2]. Three different scintillator
bar prototypes were studied: FNAL-NICADD, EJ-208, and PROTVINO. An efficiency above 98%
along the 1 m longitudinal axis was found at 6 GeV/c hadrons for all three scintillators. Particles
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reaching MID at larger incidence angles (60°-90°) from the beam-induced background are expected.
The charge shows a modest variation (~1.7) for incidence angles within 30°-60° and a steep increase
with decreasing the incidence angle (four times at around 80°). Other plastic scintillators have been
tested but not reported so far: NuviaTech and custom-made scintillators manufactured in Mexico
are considered for further study in the next test beam.

On the other hand, eight MWPCs were tested: four chambers of 50 x 50 cm? and four of
80 x 80 cm?, readout with a DAQ system designed for muon detection [3] with about 0.1 ms dead-
time (10 kHz maximum rate for recording). The tracking efficiency and spatial resolution were
studied as a function of the beam intensity. The measured efficiency is around 98% at beam intensity
of 10 Hz/cm? and decreases slightly until a steep drop occurs around 1 kHz/cm?. The resolution
broadens by about 10—-30% at higher intensities (around 1000 Hz/cm?), where the efficiency drops.

A test beam is planned to be done in October 2024 with the main goal of testing the functioning
of several small plastic scintillator chambers prototypes (~ 25 x 25x cm?) built using the FNAL-
NICADD, Protvino, and custom-made scintillators (from Mexico) to evaluate the performance of
the chambers using a commercial electronic readout system specialized for SiPMs readout (CAEN
DT5002 board), and validate the muon tagging algorithm. Meanwhile, MWPC will be tested for
dead zone reduction, and the optimization of the electronics readout. In addition, measurements
with combined scintillator chambers and MWPCs will be conducted to assess pion suppression
with a realistic absorber, and two RPCs manufactured in Mexico will be independently measuring
the efficiency and time resolution.

4. Final comments

Plastic scintillators showed good efficiency and charge collection along the scintillator bars.
The FNAL-NICADD plastic equipped with WLS fibres showed a promising performance in addition
to be an cost-effective option. The MWPCs showed high efficiency and excellent position resolution
exceeding the requirements for the particle fluence. In parallel to the construction of chambers with
commercial plastic scintillator, R&D efforts are ongoing to develop custom scintillator production
in Mexico and the front-end electronics for the SiPM readout. The possibility of conducting
irradiation tests (with both neutrons and gamma rays) at the HUN-REN Wigner Research Centre
for Physics is being explored to measure the radiation hardness of the detectors.
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